Mosquito-borne arboviruses are a major public health concern worldwide and are responsible for emerging and re-emerging diseases. Taken together, the arboviruses have a strong impact on public health and are the most common causes of equine encephalitis. In-depth diagnostic investigation of equine viral encephalitis is of utmost importance for the epidemiological surveillance and control of this disease.
(perching birds of the order Passeriformes) develop enough viremia to efficiently infect mosquitoes feeding upon them and thus are competent amplifier hosts. The virus is highly pathogenic for birds in the Americas (Elizondo-Quiroga & Elizondo-Quiroga, 2013 ).
Humans and other mammals, like horses, are "dead-end" hosts of WNV, meaning that when they become infected, they do not develop high enough levels of viremia to efficiently transmit the virus to biting mosquitoes (Komar, 2000) .
In humans, one in 150 WNV infections result in encephalitis or meningitis and the mortality rate for patients with severe illness is 3%-15%, while in horses the mortality rate is 40%-50%. This disparity largely results from increased sensitivity of horses to these viruses, which makes them an important sentinel for human disease (Angenvoort, Brault, Bowen, & Groschup, 2013) .
Until the mid-1990s, WNV was not perceived as a major public health concern. Rather, it was regarded as a mosquito-borne infection of birds, which occasionally infected humans and horses causing illness on rare occasions. However, the number of outbreaks and their severity has increased (Castillo-Olivares & Wood, 2004) (Morales et al., 2006) , and Venezuela in 2007 (Bosch et al., 2007) . However, WNV associated with equine neurological disease was only reported in 2006, in Argentina (Morales et al., 2006) . In Brazil, the WNV surveillance system is based on the identification and investigation of encephalitis of unknown aetiology in humans, surveillance of epizootics in wild birds and equids, and entomological and sentinel surveillance, with seroepidemiological monitoring in birds and horses (Ometto et al., 2013) .
Serological evidence of WNV infection in Brazilian horses and birds has been reported from animal sera collected since 2008 from the Pantanal region in Central-West Brazil (Ometto et al., 2013; Pauvolid-Corrêa et al., 2011) . A follow-up study detected anti-WNV antibodies in equine and chicken sera from the Pantanal, collected in 2010 (Melandri et al., 2012) . In another study, using sera samples collected in 2009 and 2010, more WNV-seropositive horses were detected (Pauvolid-Corrêa et al., 2014) . From 2013, serological evidence of WNV circulation in Brazil outside of Pantanal (Paraiba state) was reported, suggesting that WNV was spreading towards the northeastern part of the country (Silva et al., 2013) . This spread was confirmed in 2014 with the first Brazilian human case of WNV infection, whereby a rural worker from Piaui state (northeastern region) presented clinical symptoms of acute encephalitis (Vieira et al., 2015) . However, neurological disease associated with WNV infection in horses has never been reported in Brazil until 2018.
| MATERIALS AND METHODS

| Outbreak data
From mid-April to May 2018, at least 12 fatal cases in equids (nine horses and three donkeys) with acute neurological clinical signs were reported in Espirito Santo (ES) State, located in the southeastern region of Brazil. The clinical cases occurred in six properties, localized in four municipalities (Nova Venecia, Boa Esperança, Baixo Guandu, and São Mateus) (Figure 1) Animals enrolled in this study had not travelled to areas in which WNV had been reported previously and had a history of annual immunization against rabies virus. Furthermore, the horse identified as NV 01/18 was previously vaccinated against alphaviruses (Eastern equine encephalitis virus-EEEV, western equine encephalitis virus-WEEV), equine influenza A and equine herpesvirus 1 and 4 (EHV-1 and EHV-4), and the horse identified as NV 40/18 had a history of vaccination against EEEV, WEEV, equine influenza A and tetanus. All animals had never been vaccinated against WNV.
| Histopathological findings
Fragments of the telencephalon from all four animals were received for histopathological analyses. Additionally, fragments of the brainstem and cerebellum of the horse NV 40/18 were received. The samples were stored in 10% formaldehyde and then embedded in paraffin, sectioned, and stained with haematoxylin and eosin (Luna, 1968 ).
| Molecular diagnosis
Fragments of the cortex, brainstem, cerebellum, and medulla from each animal were pooled and homogenized in a mortar and pestle and diluted 20-fold in phosphate-buffered saline (PBS; pH 7.0-7.4) supplemented with penicillin (200 IU/ml), streptomycin (200 μg/ml), and amphotericin B (2.5 μg/ml). The suspension was vortexed and kept at 4°C overnight. Then, the samples were centrifuged at 4,000× g for 10 min at 4°C, and the supernatant was filtered using a 0. (Table 2) . Additionally, semi-nested PCR was performed for virus species detection and identification (Table 2 ).
West Nile virus-specific primers for nested PCR targeting the NS5 gene were designed for this study, and the primer sequences and melting temperatures are described in The mixture was subjected to 40 cycles of 94°C for 1 min, 56°C for 1 min, and 72°C for 2 min, followed by a final extension step of 72°C for 5 min. The thermal cycling was performed in a Veriti Thermal Cycler (Applied Biosystems, USA).
As an internal control for amplification efficiency, primers for the insulin growth factor (IGF-1) gene were used (Mikawa et al., 1995) .
As a negative control for the reactions, we used RNA extracted from equine CNS that previously tested negative for arboviruses, EHV-1 and rabies virus as well as a "master-mix" negative control using DNA/RNAse-free water instead of RNA. The cDNA products were analysed by 1% (w/v) agarose gel electrophoresis (AGE), stained with ethidium bromide and visualized under UV light. BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, USA), using the ABI3730 DNA Analyzer (Applied Biosystems, USA).
| Sequencing
The sequencing reactions were performed in triplicate, in both directions, using the specific primers (sense and antisense) which were used in the PCR assays previously described (Table 2) .
| Phylogenetic analysis
The nucleotide sequence data were analysed and assembled using SeqMan Software 7.1.0 (DNAStar Inc.). Sequences were then compared by BLAST® (https://blast.ncbi.nlm.nih.gov) and the consensus sequences were aligned, using ClustalW multiple alignment (Thompson, Higgins, & Gibson, 1994) and sequences from the WNV reference strains (which presented a higher percentage identity) and distinct WNV lineages available on GenBank.
A phylogenetic tree was constructed using the maximum likelihood method based on the Tamura 3-parameter model and 1,000 bootstrap replicates using MEGA7 software (Kumar, Stecher, & Tamura, 2016; Tamura, 1992) .
| RESULTS AND DISCUSSION
The main arboviral diseases affecting horses in South America are alphaviruses (EEE, WEEV, VEEV) and flaviviruses (SLEV and WNV) (Rech & Barros, 2015) . However, it is important to not neglect rabies virus infection in neurological diagnosis of affected horses in South America. Thus, in this diagnostic investigation study, the CNS fragments were first tested for rabies, and after presenting negative results, the differential diagnosis was performed. (Rech & Barros, 2015) . Even though rabies virus is the most common causative agent of encephalitis in horses in Brazil, the number of cases of encephalitis associated with EHV-1 has been increasing in the southeastern region of Brazil (Costa et al., 2009 (Costa et al., , 2015 . Therefore, DNA investigation of EHV-1 was performed;
however, the results were negative for all four animals tested.
With these results, diagnoses for arboviruses were considered, mainly WNV infection. PCR, virus isolation, and IHC approaches to test for WNV are challenging because of the low viral load in the CNS of infected horses, as opposed to EEE infection whereby infected horses have a high viral load in the brain (Rech & Barros, 2015) . Despite this challenge, all samples were positive for Flavivirus RNA using a generic RT-PCR that amplifies 958 bp of the NS5 gene.
In addition, all samples were positive using the WNV specific nested PCR assay, producing amplicons of approximately 370 bp, and thus confirming WNV infection (nested PCR).
Sequencing of the larger amplicons (958 bp) was possible only for two samples, NV40/18 and BG43/18, due to the low quantity of purified cDNA from the other two samples. To confirm the specific amplification of the nested PCR performed with the primers designed in this study, the amplicons were sequenced and analysed F I G U R E 3 Molecular phylogenetic tree constructed using the maximum likelihood method based on the Tamura 3-parameter model (Tamura, 1992) and 1,000 bootstrap replicates of the partial sequence of West Nile virus (WNV) NS5 gene from two horses presenting neurological disorders (grey circles)-WN/horse/BRA/NV40/2018 (861 bp; MH480666) and WN/equid/BRA/BG43/2018 (834 bp; MH480667) and WNV strains available on GenBank (https://www.ncbi.nlm.nih.gov/). The percentage of trees in which the associated taxa clustered together, after bootstrap analysis, is shown next to the branches. Evolutionary analyses were conducted using MEGA7 (Kumar et al., 2016) 2009), recumbency, hyperexcitability (Morales et al., 2006) , behavioural changes, and seizures (Delcambre et al., 2017; Faverjon, Vial, Andersson, Lecollinet, & Leblond, 2017; García-Bocanegra et al., 2017; Venter et al., 2009 Migratory species which occur in Brazil were described as WNV transmission efficient hosts (Komar, 2003) . Common migratory species into Brazil includes the American kestrel (Falco sparverius), described as a host species in the WNV outbreak in the USA with a host competence index of 0.93 for transmission, the great horned owl (Bubo virginianus) with a host competence index of 0.88, and the killdeer (Charadrius vociferus) with a host competence index of 0.87 (Komar, 2003) . Although not migratory, the house sparrow (Passer domesticus), which is very common in Brazil and in other regions, was considered a highly competent host for transmission (Komar, 2003) . All migratory birds monitored in Espirito Santo State are aquatic or shore birds.
In North America, the transmission of WNV was mainly attributed to Culex mosquitoes, intercalating their degree of importance between Cx. pipiens, Cx. quinquefasciatus, Cx. Nigripalpus, and Cx. tarsilis, over time (Hayes et al., 2005) . Experimentally, vertical transmission and WNV isolation of WNV from hibernating females of these mosquito species have been already demonstrated (Hayes et al., 2005) . A study to characterize and compare the fauna of mosquitoes in the Goytacazes National Forest (GNF) and the surrounding area in ES State demonstrated that Cx. nigripalpus was the second most abundant species behind Aedes (Ochlerotatus) scapularis. This result can be explained by the presence of chickens in peridomicile, a high diversity of birds in the forest environment, and Cx. nigripalpus gaining ornithophilic behaviour (Virgens, Rezende, Pinto, & Falqueto, 2018) . In this context, mosquitoes have a potential for transmission of some arboviruses, even if we consider its low anthropophily (Laporta & Sallum, 2008) . In Brazil, entomological surveillance was In 2018, during the WNV outbreak reported herein, no abnormal avian deaths were reported. However, this outbreak in horses provides evidence of WNV circulation in Brazil outside of the Pantanal and northeastern regions and suggests that WNV is spreading towards the Southern region of the country.
Based on the findings of this study and other related studies, WNV detection in Brazil unfolds a new and urgent field for research and the need to understand the epidemiological and clinical characteristics of the disease and its risk to public health.
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